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Cardiac pacemakers are part of a
growing group of expensive implant-
able electronic devices; hospitals in
which 100 pacemakers are implanted
per year must budget over $300 000
for these devices. This cost repre-
sents a considerable burden to health
care resources. Since the "life-span"
of modern pacemakers often exceeds
that of the patients who receive
them, the recovery and reuse of these
devices seems logical. Pacemakers
can be resterilized and tested with
current hospital procedures. Reuse
should be acceptable under Canadian
law, but the manner in which the
pacemakers are recovered and the
patients selected should follow care-
ful guidelines. Every patient should
provide written informed consent be-
fore receiving a recovered pacemak-
er. Properly executed, reuse of pace-
makers should provide a high level of
health care while maintaining or re-
ducing the cost of these devices.

Les stimulateurs cardiaques comp-
tent parmi les appareils electroniques
intra-corporels dont le nombre ne
cesse d'augmenter et qui couitent
cher. L'h6pital qui en pose au-dela
de 100 chaque annee depense plus de
300 000$ a cette fin, ce qui taxe
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lourdement le budget sanitaire. Le
stimulateur cardiaque moderne pos-
sedant une "duree de vie" souvent
plus grande que celle du sujet chez
qui il a ete implante, il est logique de
penser ai le recuperer et 'a le reutiliser
apres sterilisation et verification
selon les methodes actuellement eta-
blies en milieu hospitalier. Si une
telle reutilisation est conforme aux
lois canadiennes, la maniere dont les
appareils seront recuperes et la
selection des malades qui les rece-
viont doivent suivre des regles eta-
blies avec soin; le consentement
eclaire du malade sera obtenu par
ecrit. Dans ces conditions la reutili-
sation des stimulateurs permettra de
maintenir une haute qualite de soins
sans en augmenter le couit, voire
meme en le diminuant.

Cardiac pacemakers have evolved
from simple heart-rate support de-
vices, and their implantation is now
common. More complex and expen-
sive physiologic pacemakers have
been developed,' and newer devices
that can recognize and terminate
tachycardias are also available.
While the indications for implanting
cardiac pacemakers are becoming
mjore numerous, other electronic de-
vices are being implanted to pace
the diaphragm2 as well as to stimu-
late back muscles and the digestive
and central nervous systems.3 To-
day's pacemakers cost between
$2000 and $6000; thus, the annual
cost to a hospital in which 100
pacemakers are implanted a year is
from $300 000 to $500 000 (depend-
ing on the types selected). Large
numbers of implantations could se-
verely tax the already strained fi-
nancial resources of the health care
system.

Pacemaker expenditures can be
controlled, however, by reducing the
ndmber of implantations through
peer review,4 by matching each pa-
tient with a carefully selected and
appropriate device,' by program-
ming pacemakers in such a way as
to extend their life-span and by
reusing pacemakers. We review the

technical, economic and legal rami-
fications of the last approach.

Rationale

Older types of pacemakers, such
as the Medtronic (Minneapolis)
model 5973, have an 8-year survival
rate of 86%;5 newer types of pace-
makers, if properly programmed and
implanted, have a "life expectancy"
of over 10 years. However, patients
who receive pacemakers often have
a much shorter life expectancy. Al-
though patient survival after im-
plantation varies with the population
selected for pacing, the 3-year mor-
tality rate can reach 40%.4 Men of
advanced age with congestive heart
failure and coronary artery disease
are at an even greater risk,6-" and
among high-risk subgroups, such as
patients with coronary artery disease
and atrioventricular block, the
3-year mortality rate is 60%.? The
waste is obvious: implanted pace-
makers often have more than 5
years of function left when the pa-
tient dies. The extent of this waste
depends on the number and cost of
the devices, but since patients who
die early often had severe heart
disease and thus were likely to have
received the most sophisticated
pacemakers' the savings can be ex-
pected to be considerable.

In some developing countries the
reuse of cardiac pacemakers may be
a necessity. Even in developed coun-
tries like Canada, restraints on
Medicare funding have led to dis-
cussions about rationing medical
services. Physicians must therefore
struggle with their wish to provide
state-of-the-art care while staying
within the budget; any emotional
misgivings about using a recovered
device should be viewed against this
emerging perspective, particularly in
light of the already accepted and
useful practice of organ recovery
and transplantation.

Longevity of pacemakers
and patient selection

Pacemaker longevity depends on
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many factors. When a used pace-
maker has been properly selected
and tested, its longevity is not neces-
sarily shortened. The replacement
rate for devices that have been se-
lected for reuse may not differ sig-
nificantly from that for new devices.
Although a new pacemaker may
have a greater battery reserve than a
recovered device, which may have
already used 20% of its energy,
battery reserve is only one of many
factors that affect pacemaker lon-
gevity. Equally important are pulse
amplitude, pulse width, pulse rate
and availability of special pacemak-
er programming clinics to optimize
these features. With appropriate
programming, for example, power
consumption can be cut to less than
one quarter of the amount of a
nonprogrammable pacemaker. Thus,
by purchasing a greater number of
nonprogrammable pacemakers in-
stead of reusing the more costly
programmable ones, a hospital
could, in fact, be wasting the re-
source and delivering less desirable
pacemaker service to its patients.

Manufacturers do not feel that
the construction of their pacemakers
contraindicates their reuse; in fact,
some will refurbish recovered pace-
makers for reuse. Most pacemaker
manufacturers, though, limit their
warranties to the first patient. It is
therefore preferable to consider such
factors as the patient's prognosis
and pacer dependency when select-
ing a pacemaker. The new, manu-
facturer-guaranteed devices should
be reserved for patients with a good
prognosis who can be expected to
need them longer or for patients
who are completely dependent on a
pacemaker. Recovered pacemakers
are best suited for patients with a
short life expectancy and those
whose devices are less frequently
used.

Economic considerations

The potential economic benefit of
reusing pacemakers can be deter-
mined by weighing the cost of new
devices against the cost of personnel
time needed to prepare pacemakers
for reuse. The pacemaker can be
recovered by the hospital's patholo-
gy department, tested by the elec-
tronics department and sterilized by
the sterilizing service. The hospital

would have to establish a protocol
for regulating the preparation of
pacemakers, keeping records of all
measurements and documenting the
proper preparation of each device.
The use of existing hospital services
is therefore minimal; coordination of
these activities could be assigned to
a nurse in the pacemaker clinic or to
another person whose work involves
pacemakers. On the basis of 250
implantations a year, Aren and
Larsson'2 estimated an annual sav-
ings of $180 000 with pacemaker
reuse. Furman'3 suggested that
pacemaker reuse is both logical and
cost-effective. One can expect that
as pacemaker reuse becomes accept-
ed and the technique routinely es-
tablished, the number of devices
recovered for reimplantation will in-
crease and the saving realized esca-
late.

Technical aspects

Testing

Although only the manufacturer
can test each component of a pace-
maker, hospital personnel can esti-
mate the remaining life of implanted
pacemakers and analyse explanted
devices to determine whether they
are operational. Testing of recovered
devices should include a review of
the pacemaker's performance before
the explantation, as well as electron-
ic analysis to measure pulse ampli-
tude and to detect any failure or
damage that may have been caused
by the explant procedure or by elec-
tric shock.
Pacemakers can be repro-

grammed'4 and damaged by trans-
thoracic cardioversion or defibrilla-
tion,'5-20 procedures often applied to
patients with pacemakers since they
frequently have advanced heart dis-
ease. Pacemakers sense voltages in
the millivolt range, and defibrilla-
tors deliver shocks in the kilovolt
range (up to 3000 V). In tests
carried out in 1969, up to 220 V and
currents up to 0.8 A were measured
at the inputs of pacemakers implant-
ed in dogs being defibrillated. The
test shocks damaged three out of
five nonprotected pacemakers.'5
Though because of their size dogs
perhaps represent an extreme case,
these tests nevertheless prompted
manufacturers to equip their pace-

makers with circuits guarding spe-
cifically against such damage. Med-
tronic pacemakers, for example,
were protected against 500 V and 1
to 2 A of current.'5 In addition,
pacemaker manufacturers recom-
mend that defibrillator paddles be
kept at least 10 cm away from the
pacemaker, probably to minimize
the chance of myocardial damage
caused by the shunting of large
currents from the pacemaker down
the electrode into the myocardium.20
More recently it has been verified
that the pacemakers themselves can
be damaged by their proximity to
the paddles.'9

Information on the response to
defibrillation of the new software-
controlled pacemakers is not yet
available. It is therefore not advis-
able to reuse a nonprotected pace-
maker or a software-controlled
pacemaker that has been recovered
from a patient who has undergone
cardioversion. Even a protected
pacemaker should be subjected to
complete electronic testing and spe-
cific verification of its input protec-
tion circuitry. Modern pacing sys-
tems are rarely damaged by electric
shocks, so manufacturers no longer
recommend that pacemakers rou-
tinely be replaced if a patient has
received an electric shock. Noninva-
sive measurements alone can usually
detect the gross dysfunction that a
damaged pacemaker may reveal
during testing after explantation.

Sterilization

Sterilization can destroy all mi-
crobial organisms, including highly
resistant bacterial endospores,2' thus
protecting both the personnel who
handle and the patients who receive
recovered pacemakers. Since a pace-
maker with nonmetal parts may be
difficult to clean and sterilize, the
United Kingdom Department of
Health and Social Security suggests
that all rubber and plastic parts be
removed from a recovered pacemak-
er before sterilization.22 Although
the plastic and rubber parts of some
pacemakers, such as the Biotronik
(Berlin) Bio-loc devices, are easy to
remove, and although the silicone
rubber in others (e.g., those of Tel-
ectronics [Lone Cove, Australia])
can be replaced by the manufactur-
er, the removal of all nonmetal parts
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is generally difficult and probably
not cost-effective. The methods we
will describe clean and sterilize the
pacemakers satisfactorily without
stripping them of all their plastic
and rubber parts.

Sterilization can be achieved with
steam autoclaving and nuclear radi-
ation or with high-level disinfectants
that kill bacteria, fungi, viruses23
and bacterial spores. Such disinfect-
ants include glutaraldehyde, formal-
dehyde with alcohol, and stabilized
hydrogen peroxide,2" as well as eth-
ylene oxide.21"24"25 Because a pace-
maker's electronic components could
be damaged by the high tempera-
ture in the autoclave or by nuclear
radiation, manufacturers and hospi-
tals sterilize both new and con-
taminated pacemakers with these
high-level disinfectants. Recovered
pacemakers have been adequately
sterilized in formaldehyde"2 and glu-
taraldehyde.'6 Some use a low-level
disinfectant (dimethylbenzyl ammo-
nium chloride) combined with ethyl-
ene oxide,'7 formaldehyde'8"9 and
glutaraldehyde.30 Resterilization
with ethylene oxide gas alone has
also been reported.31'32 Despite the
variety of resterilization methods,
they all include a high-level disinfec-
tant, and no pacemaker-transmitted
infections have been reported. Re-
covered pacemakers that have been
properly sterilized are clearly bio-
logically safe for reimplantation.

Legal considerations

Despite the fact that pacemaker
reuse has been proven medically
safe, the jurisprudence surrounding
the procedure cannot be ignored..
Medicolegal factors are such that
they prompted one author to advise
against reuse33 and another to sug-
gest that recovered pacemakers be
sent to Third-World countries.34

Legal specifications concerning
ownership of a device upon the
death of a patient vary from country
to country. For instance, Swedish
law requires that pacemakers be
removed at the time of death (F.H.
Schuller: personal communication,
1982), while in Canada pacemakers,
although implanted without direct
cost to patients, are nevertheless
considered the property of the pa-
tients or their heirs. Indeed, pace-
makers may be removed only if an

autopsy is performed or with the
consent of the patient's heirs or next
of kin or the executor of the pa-
tient's estate, according to the legis-
lation of the province.
The reuse of a pacemaker in a

manner consistent with accepted
medical standards of care and skill
should be permissible, provided that
the pacemaker can be resterilized
and that, in the manufacturer's
opinion, no technical factors exist to
prevent its reimplantation. To our
knowledge, no manufacturer has in-
dicated that the design of its pace-
maker contraindicates its reuse.
Nevertheless, complications arise
from implanting new pacemakers35
and are therefore to be expected
from implanting recovered devices.
The cost of litigation by patients
who suffer such complications could
easily negate any savings in new
equipment.
When there are no perceived ad-

ditional risks of implanting a recov-
ered pacemaker and no specific
questions are asked by the patient,
the patient probably does not have
to be informed that the pacemaker
has been recovered; however, it
would be safer to provide such infor-
mation in obtaining informed con-
sent. If a patient asks about the
pacemaker or its life-span the ques-
tions must be answered. Legal liabil-
ity for failure to inform the patient
should only arise when a person who
is aware of the risks involved would
not have allowed the operation. The
onus is on the physician to estimate
the risks, if any, of reuse and to
inform the patient of these risks.
Whether or not the patient could
have obtained a new pacemaker
when the operation became neces-
sary could be important. When a
pacemaker with a long life-span is
required, for example, the reuse of a
pacemaker with a shorter life-span
could present a risk of litigation.
The circumstances of each case
should, of course, be taken into
consideration.

In some countries, such as Swe-
den, the patient is not informed that
the pacemaker has been recovered,
but in Canada it would seem pru-
dent to use a consent form that lists
the risks of implantation and ex-
plains that the type of pacemaker to
be used and whether it will be a
recovered pacemaker will be decided

on the basis of established hospital
practice and the clinical judgement
of the attending physician.

For both medical and legal rea-
sons the history of each pacemaker,
including the length of time it was
previously used, any complications
that arose during that time, and all
the testing and sterilization proce-
dures that have since been carried
out, should be recorded. The proce-
dure for pacemaker reuse - obtain-
ing adequate sterilization, testing
and informed consent of the patient
- should be carefully planned and
authorized by the hospital's board of
directors.

Throughout this paper we have
considered the reimplantation of
pacemakers in the hospital system in
which the device was recovered,
since this is consistent with current
hospital practice. Should a third
party, neither the original manufac-
turer nor the hospital, process and
resell pacemakers, the issue would
become more complicated. Which
standard would this party be obliged
to respect? Would the third party be
a "manufacturer" and therefore
subject to the same obligations, or
would it create a new manufacturing
level, given that it would be using
devices that had already been sub-
mitted to quality control and were in
good working order? A new stan-
dard might indeed be required, and
until this issue is clarified the feasi-
bility of establishing commercial
centres to prepare recovered devices
will be in doubt. Clearly the attitude
and legal input of the manufacturers
will have a significant impact.

Experience

Whereas today's lithium-powered
pacemakers are hermetically sealed
in stainless steel or titanium contain-
ers, the previous generation of mer-
cury/zinc-powered pacemakers were
not. Despite the possible sterilization
problems that could result from the
lack of hermeticity, Havia and
Schuller'6 reported on the reimplan-
tation of 50 mercury/zinc pacemak-
ers and found no cases of primary
infection, allergic reaction or rejec-
tion. Only 1 of the 80 devices reim-
planted by Aren and Larsson"
failed, and no complications from
the pacemaker pockets or the pulse
generators were reported. Two of
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the 80 reused pacemakers were im-
planted for a third time. Amikarp
and associates27 reported their expe-
rience with 80 reused pacemakers,
among which were some that had
previously been removed because of
infection. Neither surgical complica-
tions nor battery depletion occurred
at a rate higher than that expected
with new devices. Of the 83 lithium-
powered and hermetically sealed
pacemakers used by Mond and col-
leagues29 I was replaced because of
battery depletion after 35 months,
and another was removed because of
an infection in the patient's previ-
ously infected pacemaker pocket.
Twelve of these devices were im-
planted for a third time. Primary
infections, unusual tissue reactions,
hepatitis B and other complications
were not observed. Costa and co-
workers30 achieved similar results
with 22 reimplanted pacemakers.
Currently almost 2000 pacemakers
have been reused, with excellent
results.36
At the Montreal General Hospital

32 pacemakers have been recovered
for possible reuse: 10 have been
rejected, 1 has been returned to the
manufacturer for refurbishing, 6 are

being tested and evaluated, and 4
are ready for use. Since the initia-
tion of reimplantation 6 months ago,
11 pacemakers have been reused, at
a cost of $150 for replaceable parts
and with a saving of $23 000 in new
pacemakers. All the pacemakers
were prepared according to the pro-
tocol shown in Table I. One pocket
had to be reopened because the
wrong insulating cap had been
placed on the set screw of a pace-
maker; there was no complication
from this corrective procedure. One
patient died from cardiogenic shock
(unrelated to the pacemaker) 2
weeks after implantation, and the
remaining 10 patients are doing
well. There have been no infections
or malfunctions related to the pace-
makers, and the patients have shown
a high level of acceptance for the
recovered devices.

Conclusions

Health care professionals are in-
creasingly being pressured to recon-
cile a limited budget with an in-
creasing number of expensive im-
plantable electronic devices. Physi-
cians aware of the impact of such

Table I-Protocol of the Montreal General Hospital for the recovery and reuse of
cardiac pacemakers

Reuse criteria
Implanted less than 2 years.
Expected life-span greater than 4 years.
No pre-explantation indication of dysfunction.

Recovery
Remove pacemaker by cutting wires.
Package and protect pacemaker from mechanical shock.

Cleaning
Wear rubber gloves.
Remove and discard wires, caps, boots and sutures, and soak pacemaker in

detergent solution (i.e., Buell cleaner liquid no. 444) for 10 minutes. Carefully
remove all surface material and clean holes with pipe cleaners.

Soak pacemaker in glutaraldehyde for more than 10 hours. Rinse in water and
dry.

Testing
Measure pulse width and voltage.
Measure sensitivity and refractory period.
Measure pulse rate with and without a magnet.
Test programmability.
Test input defibrillation-protection circuit.

Final preparation
Wash pacemaker in detergent, rinse in isopropyl alcohol, blow out passages with

air, and dry.
Double-package pacemaker in a gas-permeable envelope and sterilize in ethylene

oxide gas at 52 to 55°C with the standard sterilization cycle. Validate the
sterilization with standard spores. Ventilate for 30 hours.

Label and store pacemaker in shock-resistant container.
Replace plastic caps and boots at time of implantation.

expenditure on health care resources
must select appropriate candidates
for implantation, optimally program
the pacemakers and carefully match
the patients with the devices. Pace-
maker reuse is one way to reduce
the financial pressure on both the
physician and the hospital, allowing
them to retrieve sophisticated equip-
ment and offer better pacemakers to
a greater number of patients. We
feel that this method is preferable to
either refusing to implant devices in
patients with a poor prognosis or
using cheaper, less desirable pace-
makers. Already practised on a
small scale in Canada, pacemaker
recovery and reimplantation is rou-
tinely undertaken in other countries
with high standards of health care.
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Physician Artists
For more than 2 years the Canadian Medical Association Journal has
featured on its covers the works of living Canadian artists. The idea has
generally been well accepted by both the medical and the artistic
community.
Now, starting in January 1986, we'd like to combine the two and devote

an entire volume of CMAJ covers to works by contemporary Canadian
physician artists.

If you would like to submit your work, you should do so in the form of
high-quality slides (maximum six) addressed to:

Mrs. Kathy Moore
Cover Coordinator
Canadian Medical Association Journal
PO Box 8650
Ottawa, Ont. KlG OG8

Entries will be judged by our art consultant, Susan Feindel, and a three-
person panel of judges.
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